INTRODUCTION
Obesity has become increasingly prevalent worldwide because of changes in lifestyle, including changes in dietary habits, alcohol consumption, and physical activity 1 3 .
Obesity increases the risk for disease such as type 2 diabetes, cardiovascular disease, and some types of cancer 4 6 .
Some dietary components can prevent or ameliorate obesity and thereby can reduce the risk for lifestyle diseases. Polyphenols are a large and diverse class of compounds, many of which occur naturally in components of the human diet, such as beans, cereals, fruits, vegetables, and red wine 7 . There is a growing interest in the biological properties of polyphenols and their role in the prevention or amelioration of lifestyle diseases; of these, tea catechins have been extensively studied. Tea catechins appear to have anti-oxidant activities, anti-obesity effects, and can improve insulin resistance 8 11 . In addition, quercetin contained in onions exerts anti-oxidant activity 12 , whereas anthocyani-dins from black soybean improve insulin resistance 13 . Hops
Humulus lupulus L. , a herb used in beer production, contains flavonoids in the form of flavonol glycosides, such as prenylflavonoids and procyanidins 14 . Procyanidins from hops pomace are mainly composed of various catechin oligomers 15 . Procyanidins exhibit various biological activities. For instance, procyanidins from grape seed stimulate glucose uptake in insulin-resistant adipocytes 16 , whereas oligomeric procyanidins from lychee fruit stones exhibit antioxidant activities in vitro 17 . A major component of hop procyanidins has a higher molecular weight than these known procyanidins. Inhibitory effects of dietary intake of hop pomace polyphenols on gastric injury due to Helicobactor pylori VacA toxin 18 and prevention of dental plaque formation 19 have been previously reported. Stevens et al. 20 reported the biological properties of hop procyanidins in vitro: inhibition of neuronal nitric oxide synthase activity and scavenging of reactive nitrogen species.
However, the biological activities of dietary high-molecularweight procyanidins, including their anti-obesity effects,
have not yet been elucidated because their intestinal absorption is not yet understood.
In this study, we examined the effect of a high dose of dietary hop pomace polyphenols on growth parameters, hepatic fatty acid metabolism, and diabetic parameters in Otsuka Long-EvansTokushima Fatty OLETF rats, which is an animal model of type 2 diabetes.
EXPERIMENTAL PROCEDURES

Reagents
Purified hop pomace polyphenols HPs were obtained from Asahi Brewery Co., Ltd. Tokyo, Japan . HPs consist of approximately 60 of procyanidins which contain --epicatechins of more than 8-mer , 15 other flavonoids, 3 astragalin, 2 isoquercitrin, and 20 unknown phenolic constituents. Mouse anti-fatty acid synthase FAS , goat anti-glucose-6-phosphate dehydrogenase G6PDH, Leuconostoc mesenteroides , and mouse anti-β-actin antibodies, as well as goat anti-mouse IgG-horseradish peroxidase HRP and bovine anti-goat IgG-HRP, also were purchased from Santa Cruz Biotechnology, Inc., CA, USA. Mouse anti-malic enzyme ME 1 monoclonal antibody was purchased from Abnova Co. Taipei, Taiwan .
Animals and Diets
All animal experiments were conducted according to the guidelines provided by the ethical committee of experimental animal care at Meiji University approval code: IACUC10-0008 .
OLETF and Long-Evans Tokushima LETO rats 4-weekold males: Otsuka Pharmaceutical, Tokushima, Japan were housed individually in a temperature-22 24 and light-controlled 0700 1900 room. After a 1-week-acclimatization period, 14 OLETF rats were divided into 2 groups: one group 7 rats was fed a control diet C-group; 2 lard and 5 high oleic safflower oil , and the other group 7 rats was fed control diet supplemented with 1 HPs H-group . Additionally, 6 LETO rats were given the control diet NC-group . Diets were prepared according to AIN93G recommendations 21 ; detailed diet compositions are shown in Table 1 . Rats were pair-fed by measuring daily food consumption because dietary polyphenols sometimes caused a slight reduction in food intake and food consumption in NC-group was considarbly higher than that in the other 2 groups in first period until 21 days . Rats were given free access to each of the diets for latter 39 days. After 70 days, rats were anesthetized using diethyl ether and bled from the abdominal aorta; various tissues were then quickly excised. Plasma was prepared by centrifugation after allowing blood to clot at room temperature. These samples were kept at 80 until required for analyses.
Plasma and liver lipid analyses
The levels of plasma triglycerides, total cholesterol, and high-density lipoprotein HDL -cholesterol were measured using commercial kits Wako Pure Chemical Industries, Ltd, Osaka, Japan after the rats were killed. Liver lipids were extracted by the method described by Folch et al. 22 . The levels of liver triglycerides, cholesterol, and phospholipids were measured as described by Ide et al. 23 , Burchard et al. 24 , and Rouser et al. 25 , respectively.
2.4 Plasma levels of glucose, HbA1c, and insulin After 40 days, all rats were fasted overnight with ad libitum access to water. The following morning, blood was collected from their tail veins. Plasma was prepared as described above. Plasma levels of glucose Glucose CII-Test Wako; Wako Pure Chemical Industries, Ltd, Osaka, Japan and HbA1c were measured using commercial kits RAPIDIA Auto HbA1c-L; FUJIREBIO Inc., Tokyo, Japan . Plasma insulin levels were measured after 70 days by using a Mercodia Rat Insulin ELISA Kit Mercodia, Uppsala, Sweden .
Preparation of liver mitochondria/peroxisomes
After sacrifice, a section of liver approximately 3 g was homogenized in 7 volumes of ice-cold 0.25 M sucrose homogenizing solution containing 1 mM ethylenediaminetetraacetic acid EDTA and 3 mM Tris-HCl pH 7.2 . The ho- mogenate was centrifuged at 500 g for 10 min at 4 . The supernatant was again centrifuged at 9000 g for 10 min at 4 to isolate mitochondria. Mitochondria were washed twice with the homogenizing solution and finally resuspended in 3mL of this solution. The supernatant from the 9000 g centrifugation step was centrifuged at 105000 g for 60 min at 4 to obtain a pellet containing microsomes; the supernatant from this step represented the cytosolic fraction.
Enzyme activity assay
Fatty acid synthase FAS activity was determined spectrometrically by the method of Nepokroeff et al. 26 in 0.2 M potassium phosphate buffer pH 7.0 containing 0.4 mM EDTA, 200 μM malonyl-CoA, 50 μM acetyl-CoA, 300 μM NADPH, and the sample suspension i.e., the supernatant acquired in the 9000 g centrifugation step . One unit of FAS was defined as the amount of enzyme required to synthesize 1 nmol palmitic acid equivalent to the oxidation of 14 nmol of NADPH per minute at 30 . G6PDH activity was measured as previously described 27 .
The reaction mixture pH 7.6 contained 0.1 M Tris-HCl, 30 mM MgCl 2 , 3.3 mM glucose-6-phosphate, 1.2 mM NADP, 0.5 unit/mL 6-phosphogluconate dehydrogenase, and sample suspension i.e., the supernatant acquired in the 105000 g centrifugation step . One unit of G6PDH activity was expressed as production of 1 nmol NADPH per minute. ME activity was measured as described by Pongratz et al. 28 . The reaction mixture pH 7.4 contained 1.5 M TrisHCl, 0.12 M MgCl 2 , 0.03 M l-malate, 3.4 mM NADP, and sample suspension i.e., the supernatant acquired in the 105000 g centrifugation step . One unit of malic enzyme was defined as the amount of enzyme that yielded 1 nmol of NADPH per minute. Peroxisomal acyl-CoA oxidase ACOX activity was assayed by measuring palmitoyl-CoA-dependent H 2 O 2 production, as described by Hashimoto et al. 29 . The reaction mixture contained 58 mM potassium phosphate pH 7.4 , 10.6 mM phenol, 0.82 mM 4-aminoantipyrine, 10 mM FAD, 4 U horse radish peroxidase, 0.1 mM palmitoyl-CoA, 0.2 mg/mL of albumin, and the enzyme solution i.e., the supernatant acquired in the 500 g centrifugation step .
Carnitine palmitoyltransferase II CPTII activity was measured by determining the 5-thio-2-nitrobenzoate TNB production following the method of Markwell et al. 30 . The reaction mixture contained 116 mM Tris-HCl buffer pH 8.0 , 2.5 mM EDTA, 5 μM 5,5 -dithiobis--2-nitrobenzoic acid DTNB , 0.2 Triton-X100, 1.25 mM lcarnitine, 2 mM palmitoyl-CoA, and the enzyme solution mitochondria fraction: the suspended solution of sediment acquired in the 9000 g centrifugation step .
Western blot analysis
The levels of enzymes involved in fatty acid synthesis in liver were analyzed by western blotting. Tissue lysates from liver were prepared by lysis using the CelLytic TM MT mammalian tissue lysis/extraction reagent Sigma Chemicals, St. Louis, MO, USA . Protein concentrations were measured using a protein assay kit Bio-Rad Laboratories Co. Ltd., Hercules, CA, USA . Protein extracts were separated by 10 SDS-PAGE and transferred to a polyvinylidene difluoride membrane, which was then blocked in buffer containing 0.2 casein in phosphate-buffered saline containing 0.1 Tween 20 for 1 h. These membranes were then incubated with a mouse anti-FAS 1:1000 v/v dilution , goat anti-G6PDH 1:2000 v/v dilution , mouse anti-ME1 1:500 v/v dilution , or mouse anti-β-actin 1:1000 v/v dilution antibody for 1 h at 25 . The membranes were subsequently washed with the blocking solution and incubated with a secondary antibody FAS, ME, and β-actin: goat antimouse IgG-HRP, 1:1000 v/v dilution; G6PDH: bovine antigoat IgG-HRP, 1:2000 v/v dilution for 1 h at 25 .
After washing with the blocking solution, the signal was detected using ECL Western Blotting Substrate Promega, CO, Fitchburg, WI, USA . The signal of each enzyme was analyzed using the ChemiDoc-It 410 Imaging System UltraViolet Products, Ltd., Cambridge, United Kingdom , and the intensity of each signal standardized to the signal of β-actin. The fold-increase or fold-decrease for each protein was determined as compared to the relevant intensity in the NC-group set equal to 1 .
RNA extraction
Total RNA was extracted from rat liver tissue using RNAiso Plus Takara Bio Inc., Kyoto, Japan . RNA concentration was determined by measuring the absorbance at 260 nm by ultraviolet photometer. RNA samples were treated by DNase RQ1 RNase-Free DNase: Promega Co., Fitchburg, WI, USA and after phenol-chloroform extraction, purified RNA sample aliquots were stored at 80 .
Oligonucleotide primer sequences
The primers for reverse transcription polymerase chain reaction RT-PCR amplification of the rat SREBP1c gene, primers were designed using Primer3Plus software http:// www.bioinformatics.nl/cgi-bin/primer3plus/primer3plus. cgi . The primers, synthesized by Operon Biotechnologies Tokyo, Japan , were designed to flank known or putative introns of this gene, thereby preventing amplification of any contaminating genomic DNA. The primer sequences were as follows: SREBP1c Gene ID:78968 forward: 5 -GGAGCCATGGATTGCACATT-3 and reverse: 5 -AG-GAAGGCTTCCAGAGAGGA-3 . The gene encoding glyceraldehyde 3-phosphate dehydrogenase GAPDH, Gene ID: 24383, forward: 5 -CTCATGACCACAGTCCATGC-3 ; reverse: 5 -TTCAGCTCTGGGATGACCTT-3 was used as control.
Real-time quantitative polymerase chain reaction
One microgram of RNA sample was incubated at 65 for 5 min and quickly cooled on ice. Reverse transcription of RNA was performed by heating the sample to 37 for 15 min and heating at 98 for 5 min using a ReverTra ® Ace qPCR RT kit Toyobo Co., LTD, Osaka, Japan . An aliquot of the generated cDNA samples was mixed with 5 μL of THUNDERBIRD TM SYBR ® qPCR Mix Toyobo Co., Ltd., Osaka, Japan in the presence of 0.3 μmol of each of the forward and reverse primers for GAPDH and SREBP1c. This reaction mixture was then subjected to the following cycling conditions in a Chromo 4 Sequence Detection System Bio-Rad Laboratories, Inc. Hercules, CA, USA : 1 cycle at 95 for 1 min followed by 40 cycles of 95 for 15 s and 58.5 for 1 min. The results fold-changes were expressed as relative fold-changes by comparing the amount of RNA of the target gene to that of the GAPDH gene as an internal control, as determined by the equation 2 -C t target -C t GAPDH .
Statistical analysis
Data are expressed as means SE. The statistical analysis of data was performed using one-way analysis of variance and the Tukey-Kramer test to evaluate significant differences between a pair of means. Differences were considered significant at p 0.05.
RESULTS
Effects of dietary hop pomace polyphenols on growth
parameters The final body weight was higher in the OLETF rats C and H-group than in the LETO rats NC-group, Table 2 ; however, dietary HPs tended to reduce the final body weight in OLETF rats p 0.077 . Although dietary HPs modulated weight gain in OLETF rats, there was no significant difference in the weight gain between the NC-group and the C-group.
The final abdominal circumference in the OLETF rats was significantly higher than that of the NC-group; however, it was lower in the H-group than in the C-group. The liver weight in H-group tended to be lower than that in C-group. The weight of total white adipose tissues was significantly higher in both OLETF rat groups than in the LETO rat group, although it was lower in the H-group than that in the C-group. Dietary HPs significantly reduced the increase in weight of the mesenteric white adipose tissue in OLETF rats. The weight of perirenal and abdominal subcutaneous white adipose tissues also were lower in the H-group than in C-group, although these differences were not significant.
Effects of dietary hops pomace polyphenols on plas-
ma and liver lipid levels Plasma triglyceride levels were higher in the C-group than in the NC-group; however, the levels tended to be 
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lower in the H-group than in the C-group Table 3 . Plasma cholesterol levels were the highest in the C-group, whereas they were the lowest in the H-group. Moreover, HDL-cholesterol levels in both C-and H-groups were significantly lower than those in the NC-group. The arteriosclerotic index of the C-group was higher than that in the NC-group; however, there was no difference in this index between the H-and NC-groups. Dietary HPs lowered the liver triglyceride level in the H-group compared to the C-group, and was similar to that in the NC-group. There were, however, no significant differences in liver cholesterol or phospholipids levels among the 3 groups, although phospholipids levels in the H-group were slightly, but not significantly, higher than those in the C-group.
3.3 Effects of dietary hop pomace polyphenols on fasting blood glucose, HbA1c, and insulin levels At 40 days, both fasting blood glucose and HbA1c levels were significantly higher in the C-group than in the NC-group Fig. 1 . However, dietary HPs significantly lowered both fasting blood glucose and HbA1c levels in OLETF rats; these were similar to the levels in the NCgroup. Furthermore the plasma insulin levels in both the Cand H-groups were lowered compared to the NC-group at 70 days.
Effects of dietary hop pomace polyphenols on plasma
adiponectin, MCP-1, and leptin levels Plasma adiponectin and leptin levels were similar in the C-and H-groups, which were higher than in the NC-group Value without a common superscript letter are signif icantly different at p<0.05. Fig. 2 . In contrast, the plasma MCP-1 level was the lowest in the H-group.
Effects of dietary hop pomace polyphenols on hepatic
fatty acid synthesis activity The activities of hepatic lipogenic enzymes, viz. FAS, G6PDH, and ME, were significantly higher in the C-group than in the NC-group; however, dietary HPs significantly lowered the activities of these enzymes in OLETF rats Fig.  3 . The activities of enzymes involved in fatty acid β-oxidation, viz. ACOX and CPT-II, were not significantly different among the groups, although the ACOX activity was the lowest and CPT-II activity was the highest in the H-group.
Effect of dietary hop pomace polyphenols on proteins levels of hepatic lipogenic enzymes
The protein levels of the hepatic lipogenic enzymes, viz. FAS, G6PDH, and ME, tended to be higher in the C-group than in the NC-group but they tended to be lower in the H-group than in the C-group Fig. 4 .
Effect of dietary hop pomace polyphenols on expression of SREBP1c
The hepatic expression of SREBP1c was higher in the C-group than in the NC-group, although this difference was not statistically significant Fig. 5 . However, the hepatic expression of SREBP1c in OLETF rats was significantly reduced by dietary HP.
DISCUSSION
We examined the effect of a high dose of dietary HPs on growth parameters in OLETF rats, an animal model of obesity and type 2 diabetes. Dietary HPs tended to reduce the final body weight and liver weight in OLETF rats. The weight of mesenteric white adipose tissue in OLETF rats was significantly lowered by dietary HPs; however, the weight of total white adipose tissues tended to be lower in the H-group than in the C-group. Thus, intake of dietary HPs decreases the tissue weight and the fat weight. The weights of organs other than the liver and other subcutaneous white adipose tissues may be lower in the H-group than in the C-group. Therefore, more detailed studies will be needed to evaluate more precisely the anti-obesity effect of dietary HPs.
Dietary hesperidin and naringin have been shown to suppress plasma and liver triglyceride levels in ob/ob mice 31 . Black tea catechins are also known to significantly reduce triglyceride levels and gain in body weight. Thus, various dietary polyphenols exhibit an anti-obesity effect by reducing triglyceride levels 32 . Dietary HPs also lowered plasma and liver triglyceride levels in OLETF rats, although these effects were not significant. Reexamination will be necessary to evaluate these effects by increasing the number of animals or changing the dose level of HPs in the subsequent study. FAS, G6PDH, and ME are enzymes involved in fatty acid synthesis in liver. Dietary HPs significantly suppressed the activities of these enzymes in OLETF rats. Sterol regulatory element-binding proteins SREBPs are key transcription factors that are associated with lipogenesis, adipocyte development 33 , and cholesterol homeostasis 34, 35 . SREBP1c
regulates genes that are important for lipid metabolism, including those regulating fatty acid synthesis. Dietary HPs significantly reduced the hepatic expression of SREBP1c in OLETF rats, suggesting that a part of the HPs was absorbed from the small intestine and that its metabolites inhibit the synthesis of fatty acids in the liver. These effects may contribute to the decreased liver weight and liver triglyceride level in the H-group, although it was not signifi- It is well known that high-molecular-weight procyanidins, which are the main component of HPs, are rarely absorbed via the small intestine. However, tea catechins, or low-molecular-weight procyanidins, are indeed absorbed in humans and other animals. Moreover, apple procyanidins, consisting of catechin oligomers that range from dimers to pentamers, are absorbed in rats 36 . Therefore, fatty acid metabolism in liver may be regulated by metabolites of lowmolecular-weight procyanidins or monomeric polyphenols Data are given as the mean ± SE for 6-7 rats. FAS, fatty acid synthase; G6PDH, glucose-6-phosphate dehydrogenase; ME, malic enzyme; ACOX, acyl-CoA oxidase; CPT II, carnitine palmitoyltransferase II.
in HPs absorbed from the small intestine, although we do not have a concrete explanation now. Qiang et al. reported that tea catechins inhibit pancreatic lipase activity in vitro 37 . HPs inhibited the activity of a pancreatic lipase in our in vitro experiment the half maximal inhibitory concentration IC 50 of HPs was 2.5 mg/ ml . Dietary apple polyphenols, especially high-molecularweight procyanidins, may inhibit the intestinal absorption of lipids through micellar disruption 38 . The excreted feces level in the H-group was the highest among the 2 study groups NC-group: 2.75 0.11 g/day; C-group: 2.86 0.06 g/ day; H-group: 3.19 0.05 g/day . The same result was observed for the excreted triglyceride level in feces NCgroup: 1.05 0.11 mg/day; C-group: 1.45 0.12 mg/day; H-group: 1.66 0.12 mg/day . Therefore, dietary HPs may exhibit an anti-obesity effect in OLETF rats through both the regulation of fatty acid metabolism and the inhibition of dietary lipids absorption from the small intestine. Dietary HPs significantly reduced the fasting blood glucose and HbA1c levels in OLETF rats at 40 days. It has been reported that consumption of green tea polyphenols lowered insulin and blood glucose levels in male Wistar rats fed a high-fructose diet 39 . However, dietary HP did not improve the insulin levels in our study; this may be because of the pair-feeding condition and the short duration of this study. In addition, an insulin-enhancing function of dietary polyphenols has been reported in tea catechins 40 . In our supplemental experiment, the administration of HPs 200mg/kg body weight modulated the oral glucose tolerance over a period of 120 min of an oral glucose tolerance test OGTT in 6-weeks-old male Wistar rats n 4 after glucose load of 2 g/kg body weight area under the curve of blood glucose levels obtained from the OGTT: C-group: 13011 607 mg min/dL; H-group: 12178 373 mg min/dL; p 0.05 . Therefore, the metabolites from HPs may well enhance insulin functioning. An insulin tolerance test also must be examined in future studies.
Pancreatic and intestinal glucosidases are the key enzymes involved in dietary carbohydrate digestion. In order to moderate hyperglycemia, inhibitors of the activities of these enzymes must be effective in reducing glucose absorption from the intestine. Theaflavins in black tea possess a potent antihyperglycemic function 41 ; the mechanism involves the delay or inhibition of glucose production in the small intestine by inhibiting of α-glucosidase activity. The same effects were observed for green tea polyphenols and procyanidins from French maritime pine bark extract pycnogenol 42, 43 . Angelika et al. also previously reported that the inhibitory effect of pycnogenol on α-glucosidase activity increased depending on the degree of polymerization of procyanidins 43 . HPs also inhibited various enzyme activities related to carbohydrate digestion in our in vitro experiment IC 50 of α-amylase: 2 mg/ml; IC 50 of sucrase: 4 mg/mL; IC 50 of maltase: 1 mg/mL; IC 50 of isomaltase: 3 mg/ mL . The level of excreted carbohydrate in the feces of the H-group also was 1.2-times higher than that in the Cgroup. Thus, dietary HPs may exert antihyperglycemic effects through inhibitory action on carbohydrate digestion. However, studies about effect of short chain fatty acids from undigested carbohydrate also need to be studies because they reduce lipogenesis in liver. Adipocytes have recently been shown to be dynamic endocrine cells that produce various bioactive molecules, adipokines, some of which affect insulin sensitivity; these include TNF-α, leptin, and adiponectin. The expression of MCP-1, another adipokine, is increased in obesity. MCP-1 is produced predominantly by macrophages and endothelial cells, and it is a potent chemotactic factor for monocytes. Gu et al. suggested that MCP-1 plays an important role in atherogenesis 44 . In addition, MCP-1 is a link between obesity and insulin resistance through induction of an inflammatory response in adipose tissue 45 . In this study, dietary HPs significantly lowered plasma levels of MCP-1 in OLETF rats. Therefore, various inflammatory responses accompanying the increase of the adipose tissue mass may be ameliorated by dietary HPs. 
CONCLUSION
We found that dietary HPs inhibited the increase of body weight and white adipose tissues mass in OLETF rats, although these effects were not significant. Dietary HPs also reduced the hepatic expression of SREBP1c and suppressed the activities of enzymes involved in fatty acid synthesis in the liver of OLETF rats. Moreover, dietary HPs lowered plasma MCP-1, fasting blood glucose, and HbA1c levels in these rats. Thus, dietary HPs may exert an ameliorative function on hepatic fatty acid metabolism, glucose metabolism, and inflammatory response accompanying the increase of the adipose tissue mass under obesity progression. In this study, the number of animals was low, and the level of dietary HPs was high; therefore, further experiments must be performed in a large number of animals or in condition of low level of dietary HPs to more precisely evaluate the functions of dietary HPs.
